California Physics Standard 4b
          Send comments to: layton@physics.ucla.edu
4. Waves have characteristic properties that do not depend on the type of wave.

        As a basis for understanding this concept:

b. Students know how to identify transverse and longitudinal waves in mechanical media such as springs, ropes, and the Earth (seismic waves).

Producing longitudinal and transverse pulses.

The essential idea to stress is that the particles in a longitudinal wave move back and forth in the same direction as the wave travels and in a transverse wave, the particles move perpendicular (or transverse) to the direction of wave travel.  Longitudinal and transverse pulses can be easily demonstrated with a coiled metal spring (often called a snake spring) or, not quite as well, with a slinkey. Place the spring on the floor and 
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[image: image4.wmf]Using this technique, different sized pulses can be created (both in amplitude and pulse length) and it is easy to demonstrate that no matter the size or shape of the pulse, it always moves at the same speed.


One interesting additional demonstration with pulses in a spring is to show that transverse pulses travel slower than longitudinal pulses.  It is possible to pull the spring to one side and to compress some spring coils into a single “transverse and longitudinal” bunch. When this bunch is released, a noticeable difference in the arrival time of the pulses at the other end will be observed.  This demonstration can be extended to a discussion of the difference in speeds of the P and S earthquake waves.

Producing traveling waves:
Later we will discuss standing waves but it is best to show students how waves travel with a quick burst of three or four wavelengths so they can see them travel down the spring, reflect off of the fixed end at the other end of the spring and return to the starting point.  Transverse waves show this best as illustrated below:
Allowing this small transverse wave train to move down to the end of the spring and return will enable the students to see clearly that the waves appear to move, yet if a small piece of string were tied to any point on the spring, it will also be clear that it only moves transverse to the direction of wave travel.

Using a pulse, it is also instructive to show students that the pulse inverts in phase as it reflects from a fixed end.  This also happens with the small wave train but it is not so obvious.  This exercise will prepare the students for a better understanding of standing waves.

Producing standing waves:
Although the standards do not specifically address standing waves, this would be a good time to show students the basics of standing waves. The basics of standing waves are essential to understanding musical instruments, room acoustics, TV antennas and many other related topics.

The key to producing standing waves is that waves returning from the reflected end begin to form an interference pattern with the waves that are being generated.  This will become apparent if a wave train is generated (as in the previous section) followed by a continuously generated set of waves of the same frequency.  If done properly, the students will see the initial wave train move down the spring but as the reflected wave begins to return, nodes and antinodes will be produced in succession as the reflected wave returns to the source.

With a little practice, you can learn to feel the returning waves and adjust your generating frequency to form standing waves of different frequencies.  Any college physics text will illustrate the appearance of the first few standing waves produced in this way.  Stress that the nodes always do not move, and the antinodes move with the maximum possible amplitude.
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use your hand to create a quick transverse pulse.  The technique is to move outward and back as rapidly as possible, stopping your hand with your other hand when it returns to the central position.  This is illustrated in top view on the right.








Top view of spring on floor.
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It is also possible to produce a longitudinal pulse in a snake spring by gathering spring coils into a tight compressed bunch along the direction of the spring and quickly releasing this bunch of coils.
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The initial wave train is launched and is seen to travel down the spring until it reaches the fixed end.








As the reflections, inverted in phase, begin to return, the first nodes are seen to develop.














As the reflected wave continues back to the source and the source continues generating new waves, the standing wave pattern becomes more apparent.








Continued generation of the same frequency waves sets up a “permanent” standing wave.








